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Description 

[0001] This invention relates to the manufaduro of polyethylen naphthalat polymers and copolymers thereof. This 
Invention is concemed with the crystaliization of polyethylene naphthalate prepolymeis and with the solid stating of 
th crystallized polyethylen naphthalate prepolymers. 

[OOOq Higher moieoular weight polyesters are commonly produced from lower molecular weight polyesters of the 
same composition by soDd state poiymeilzation. The lower molecular weight polyesters which are used In such solid 
state polymerizations are generally prepared tiy conventional melt poiymertzatlon reactions. TTiese are sometimes 
refened to as prepoiymers. Solid state polymerization of prepoiymers is generally considered advantageous In that 
10 the handling of high molecular weight ultra-high viscosity molten polymers during the polymerization phase is elimi- 
nated. Therrrmi degradation is also essentially avoided during the solid state portion of the polymerizetion of the pre- 
poiymers. 

[0003] The lower molecular weight polyester prepoiymers utilized in solid state polymerizations are generally in the 
fbrm of pellets or chips. Such pellets can vary greatly in size; however, as a general rule, the smaDer the size of the 
t0 pellets of polyester prepolymer, the faster the solid state polymerization will proceed. Very fast rates of solid stete 
polymerization can bB attained bf utilizing polyester prepoiymers which ere In the form of porous pills as descrit)ed In 
U.S. Patent4J55.567to RIneharL 

[0004] Most thermoplastic polyesters, Including polyethylene terephthaiate (PET) and polyethylene naphthalate 
(PEN), produced k)y melt-phase polymerization are almost completely amorphous in nature. Such amorphous polyester 

20 polymers which are prepared by melt polymerization are normally converted from the amorphous state to the crystalline 
state prior to solid stale polymerization to raise their sticking temperature. This Is done to keep pellets or chips of the 
polyester prepoiymer being solid state polymerized from sticidng together ^ a solid mass. 
[0005] When an amorphous polyester Is heated from ambient temperature to above its glass transition temperature 
(Tg), It will become soft and sticky More it starts to crystallize. The sticking temperoture of an amorphous polyester 

26 is usually about 20''C above its Tg. The crystaOization rate of the polyester wfll not be fast enough to be practical until 
Its temperature Is fMier raised to about 3CrC above Its sticking temperature. To achieve the maximum crystallization 
rate, the temperature of the polyester must be raised even higher. For exampiOp PET has a Tg of 74°C and a sticking 
temperature of about 95^C. Ihe crystallization rate of PET is rather low until the temperature is raised to above 125<*C 
and in practice, PET is ususliy crystalflzed at temperatures between 150^C and lOC'C. 

30 [OOOq In the crystallization process, the polyester undergoes a sticky stage. This takes place In the period between 
the time the polyester temperature exceeds the sticking temperature and the time the polyester becomes well crystal- 
lized. Therefore, most commercial-scale crystaliizers for continuous crystallization of polyesters must provide vigorous 
agitation to prevent aggbmeration or lumping of the polyester pellets. Two types of continuous crystelGzers have been 
widely used, namely, agitated vessels and fluidized beds. 

36 [0007] McAllister et al, U.S. Patent 5,290,913 discloses an Improved process for cryatallizing PET in the form of 
small particles by placing same In a liquid bath, agitating the bath using hot gases, such as steam, while simultaneously 
raising the temperature of the particles to a level at which crystallization takes place. While the steam used to heat the 
water may be held under greater than ambient pressure, the actual crystallization of the PET Is performed in a vessel 
which Is not designed for superBtmospherIc pressures. Kimball al, U.S. Patent 5,532,335 discloses a process for 

40 thermally processing polyester peflets. In this process, the peDets are Introduced to the processing unit along with a 
liquid medium. The temperature Is raised to sOghtiy below the stteking temperature of the polyester. As this happens, 
the crystalDnity increases. The disclosure is generic to all polyesters, such as PET or PEI, and does not oonfifont the 
problem of crystallizing a PEN prepoiymer with volatites contained thersin which must be considered for PElsl where 
they do not have to be considered Ibr PET or PEI. 

46 [OOlNq PEN is a relatively new and different polyester with promising properties for fiber and packaging applications. 
PET and PEN behave differsntly during crystaliization as a result of their different physical and cherrdcal properties. 
PEN has a Tg of about 120''C and a cr^teliine melting point (Tm) of about 270^*0. It exhibite a crystallization peak 
between lOC'C and 220<>C. Its sticking temperature is about 140''C to 150*^0 when it is in the amorphous state. Ac- 
cording to conventtonal wisdom, the best crystaDlzatton temperature range for PEN la between 18GPC and 220*>C. 

so [0009] Henstofors, In the continuous crystalllzatksn process of partk:ulate polyesters, PET In partkxilar, the polyester 
peliete at ambient temperature without any pretreatment are directly charged into a crysteillzer in which the heat transfer 
medium (e.g., hot air, hot nitrogen, or Indirsct hot on oontect) malntelns a suitable crystallization temperaturs. Undw 
appropriate operating conditions, the polyester pelletB can be oystaiiized without lumpirtg or agglomeration. 
[001 0] However, when PEN pellets are exposed to the required crystaDlzatton conditions, the pelleta undergo a sud- 

fis den and rapU xpanston as they are heated to near the crystallization t mperature. This results In a puflbd up skin of 
most of the pellets which become very stk:ky, and. within seconds, agglomerate tightly into big lumps, vigorous agitation 
notwithstanding. TTils indlcat s that the conventional commercial crystaliizatton process used for PET Is not suitable 
for commercial crystallizatkm of PEN. 
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[001 1] In Duh, U.S. Patent 4,963^, IsBued In October 1990, polyethylene n9phthalate prepolymer Is devolaflllzed 
at a temperature of SO^'C to 14^0 prior to crystallization to remove th volatile oomponents of the prepolymer. This 
avoids the sudden volatilization (^th volatDe components contained In the pell ts during crystallization, thereby avoid- 
ing defomning or puffing of th resultant prepolymer pellets. This defbmr^tion, if It takes place, resembles the fonnation 
of "popcorn" of th pellets and virtuaOy destroys the ability to solid state th se pell^ into high r molecular weight 
polymers useful as resins for films or packaging materials. 

[0012] This invention herein resides In the discovery that PEN pellets may be crystallized at a positive pressure at 
least as high, or higher than, the vapor pressure of the volatile components contained In PEN pellets and thereby 
defbrmation of the PEN peDetSp during crystalDzatton, Is avoided. 

10 

SUMMARY OF THE INVENTION 

[0013] Polyethlyene naphthalate resins can be made with desired molecular weight from melt phase polymers, re- 
liened to herein as prepolymers, by first crystallizing the prepolymer fbrmed In the melt phase and then solkj stating 
15 the crystallized prepolymer at conditions of elevated temperature over a period of time sufficient to build the desired 
molecular weight The meK phase prepolymer however adsorbs moisture during peUetlzing and from the atmosphere 
at ambient conditions. The moisture or water content of the prepolymer constitutes the major volatile component which 
must be accounted for during the heat up ctf the pellets during crystalOzation. 

[0014] The Invention described and claimed herein comprises crystallizing the prepolymer under higherthan atmos- 
20 pheric pressures wherein the pressure existing during crystaQization Is at least equal to. or greater than, the vapor 
pressure of the volatile components contained in the PEN prepolymer. The pressure during crystallization is positive 
(with respect to atmospheric pressure). The amount of pressure necessary should be equal to the pressure which 
would t>e released In the event the prepolymer Is heated under vacuum or at atmospheric pressure without first devol- 
Italizing the prepolymer. In accordance with this invention, the prepolymer may be crystallized, without or with partial 

29 devoBtization, and without the sudden expansion of the volatile water content of the prepolymer which defbnns the 
pellets prio-to drying and solid stating or other processing steps for the crystallized prepolymer. 

[001 5] The crystallization herein occurs at a pressure at least equal to, or greater than, the vapor pressure of the 
volatile components contained In the PEN prepolymer. The exact empirical pressure necessary will vary witii the volatile 
content of the prepolymer. Where the moisturs or volatile content Is less than about .06% water, vl8ll>le or apparent 

30 deformation of the prepolymer will not occur even if the prepolymer is crystallized at ambient pressure conditions. 
However, as the water content Increases, the necessary crystallization pressure to avokl defbrmation of the prepolymer 
must con-espondingly increase. As the water content in the peDet approaches equilibrium with the water contervt erf the 
atnv>8phere, the crystallization pressure will reach a maximum necessary to avoid defbnnation of the prepolymer pellet. 
It Is possible that the positive pressure may be as high as 480 kPa gauge to avoid peUet defbrmation but usually 

^ pressures of between 70 kPa gauge and 275 kPa gauge will be sufficient to avoid deformation of the pellet. It Is un- 
derstood herein that a measurement of 0 kPa gauge Is equal to one atmosphere or appnoxbnately 100 kPa at sea level, 

DETAILED DESCRIPTION OF THE INVENTION 

40 [0016] The polyethylene naphtiialate (F>EN) prepolymer utiOzed In accordance with the present invention is typically 
prepared by stanctard melt polymerization techniques. Such melt polymerizations r^uit In the formation of PEN which 
is essentiaOy totally amorphous In nature although it may contain small regions where crystsllinity exists. The PEN is 
generally produced by melt polymerization using ethylene glycol and a naphthalate dicarboxyllc add, such as 2,6-naph- 
thalene dcarbaxyiic ackl, as monomers. However, it is also possible to prepare PEN prepolymer by polymerizing 

45 ethylene glycol with an ester of 2,6-naphthalene dlcarbaxyDc add. It is also contemplated that other diols and diadds 
may be present to modify the PEN. 

[0017] The PEN prepolymer utilized in accordance with this Invention typically has an Initial starting intrinsic viscosity 
(IV) of at least 0^ dVg as measured in a 60:40 phen^.-tetrachtoroethane sohrent system at a temperature of 30^C. The 
amorphous PEN prepolymer wOl more preferably have an Initial or starting IV of firom 0.3 to 0.7 dUg. Ihe amorphous 

60 PEN prepolymer will more preferably have an initial IV of 0.4 to 0.5 dt/g. 

[0016] The crystallization of the prepolymer is performed in a continuous process, or in a batch process. In vessels 
that are sometimes referred to as tumbler-dryers. The preferred process Is the continuous process where the crystal- 
lization is perfbnned in a fiukJized bed or in an agitated vessel. It is necessary that the amount of agitation be sufficient 
so as to avoid the pellets sticking to one another. 

69 [OOiq Th pressure In the crystaDizationzDn must be equal to, or greater than the vapor pressure of the volatiles 
inside the prepolymer pellet. WhB th water content is generally refened to herein as the volatile oomponents of 
interest, it is also contemplated that small amounts of other chemicals may add to the volatOe content, such as acetai- 
dehyd and ethyl ne glycol. 
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[0020] The pressure in the crystdlization zone can be provkJed by the presence of a gas atmosphere which may 
comprise air, nitrogen or mixtures thereof. Other gases may also b present Any gases which are present should not 
be reacth^e to the prepolymer to th extent that they have a deleterious effect upon th ultimate polymer. TTie preferred 
gases are exemplified by air, nitrogen, aigon, helium and the iike. These gases nny be heated prior to entry to the 
oystaJIIzatlon m\ . TTi equlpm nt used for th crystallization sh uld be rated Ibr whatever potitlve pressure is an- 
ticipated by the votaHie content of the PEN prepolymer. 

[0021] The pressure in the crystalDzatIn zone may also be provided by the presence of a liquid or mixture of liquids. 
Some liquids or mbctures of liquids provide sufficienHy high vapour pressure, at the desired temperature above Tg, that 
they pravkle a pressure during crystalilzatlon which Is at least equal to, or greater than, the vapour pressure of the 
volatile components contained In the PEN prepolymer. Where the vapour pressure of the Gquid or mixture of liquids is 
insufficient to provide this positive pressure during crystallisation, it may augmented by the introduction of a gas, such 
as those listed above. 

[002Z| Naturally, the Gquid or mixtures of liquids should not react with the PEN prepolynoer and not excessively 
degrade the polymer during aystaliization. it is also desirable Ibr economic reasons that the liquid or liquids employed 
be relatively inexpensive and raadiiy 8^>arable lirom the polymer after ciystaliization by drying or by washing with 
relatively low boiling liquid. 

[0023] One class of iiqukts that can be employed are those liquids whose vapor pressure at the PEN prepolymer 
softening temperature may be InsufTicient to fc^stall the expansion of the prepolymer pellet When this class of liquids 
are used, the crystafllzation vessel may be pressurized with air or nitrogen to a pressure sufficient to prevent rapid 
polymer expansion during crystaiiization. Examples of this dass of liquids are ethylene glycol (EG), diethylene glycol 
(DEC), propane did (PDO), and butane dioi (BD). Among these liquids. EG is the prefened Gquid because it is the 
least expensive and, even if EG does react with the PEN prepolymer, the structure of the polymer will remain unchanged. 
[0024] A second dass of liquids which may be employed In this process are those Gquida whose vapor pressures at 
the PEN prepolymer softening temperature are high enough to prevent polymer expmion without augmenting the 
pressure in the crystaiiization vessel or step. Examples of these Gquids are water, and mixtures of water and ethylene 
glycol. And If either liquid does read with the PEN prepolymer, Its stmcture wiH remain unchanged. Other liquids, such 
as alcohols and other longer chain glycols can also be employed as the viable liquid or mixture or liquids. 
[002q The temperature of the prepolymer during crystallization will be within the range of 20^0 above the Tg (glass 
transition temperature) to 10*'C below the Ttn (melting point) of the of prspdymer. 

[0026] If beneficial, the prepolymer may be partially devdatilized by heating at a temperature between 80°C and 
14{rC to remove some of tiie volatlles from the prepolymer prior to the positive pressure crystall izatlon practiced herein. 
When these volatlles in the prepolymer are partially removed, a relatively lower positive pressure will be needed to 
prevent the remaining volatlles from expanding during crystaiiization and thereby deforming the pellets. 
[0027] The amount of time required for the crystallization step will depend upon the temperatures utilized. Higher 
temperatures naturally require shorter periods of time to achieve the requisite degrees of crystallization. For example, 
at a temperature of 1 SO^C, the time required for crystaiiization b 30 minutes to 1 hour. At a temperature of 200^0 only 
atxMJt a few minutes are required for crystaOization. The optimum period of time required for crystallization wIG also be 
somewhat dependent upon the equipment utiUzed and the size and shape of the pellets or chips. The time required 
for crystallizetlon In a continuous process win typically be within the range of 5 minutes to 30 niinutes end will more 
typically be within the range of 7 minutes to 20 minutes. 

[0026] The polymer or prepolymer can t>e a homopdymer of PEN or a copolymer of PEN. The copolymers can be 
produced by repladng part of the precursor naphthalene dicarboxyllcacid or dimethyl naphthalate with other dicarbo- 
xylic adds, such as terephthallc add and isophthalic add, in the manufacture of the prepdymer. It is preferred that the 
copolymer of PEN be a copolymer of PEN and pdyethyiene terephthalate (PET). The percentage cf PEN and PET in 
the copolymer can vary but will usually range between 98% PEN to 2% PET and 2% PEN to 98% PET. While any of 
these pero^tages are within the scope of this Invention, it Is prefen-ed that the content of PEN in the copolymer be 
greater than 80% and most preferred that the PEN content be greater than 90%. 

[0029] After the PEN prepolymer has been crystallized. It can be dried and solid state polymerized In a batch or 
contJnuoua process. Suitable sdid state polymertzatlon temperatures can range fn)m a temperafture Just above the 
thPBshdd temperature of the polymerization reaction up to a temperature within a few degrees of the aUcidng temper^ 
ature of the PEN prepdymer, which is well below its melting point 

[0090] The sdid state pdymerlzatlon temperature utiOzed will typlcdly be from l^'C to SO'^C below the sticldng tem- 
perature of the crystallized PEN prepolymer. Tlie optimum solid state reaction temperature wfli differ somewhat Ibr 
prepdymers of different compositions. As a general rule, the optimum sdid state polymerization temperature fbr the 
homopolym r PEN prepolymer wID be from 5°C to 20^Cbdow its sticking temperature. For xample,lnth solid state 
polymerization of crystalline PEN, the tempemture employed nomially ranges from 210^C to 265°C. Generally, th 
crystalline PEN prepolymer will b solid state polymeHzed at a temperature of from 230°C to 265*^0. In most cases, 
PEN prepolymer will be sdkJ state polymeilzed at a temperature of from 240^0 to 260*'C. 
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[0031] As the solid Stat pdym rizetionofPENprep lymer proceeds, ttssticldng temperature Increases. Thus, the 
solid state polymerization temperature can be incrementally increased during th course of the polymerization. For 
example, U.S. Patent 3,718.621 descrS)e8 sjch a technique in the solid stat polymerization of PET prepolymer. 
[0032] The solid state polymerization Is conducted in the presence of a stream of an inert gas or under a vacuum. 
Normally, In a continuous process, solid state polymerization is conducted in th presence of an inert gas stream. It is 
highly desirable Ibr the inert gas to flow unffbrmly throughout the solid state polymeilzation zone which Is filled with 
the crystallized polyester prepolymer which Is being polymerized. In order to help ensure that the inert gas flows ho- 
mogeneously or unlfbmnly through the solid state polymerization zone without bypasdng certain areas in it, a device 
Ibr di^rslng the Inert gas Is generally used. Thus, a good polymerization reactor wOl be designed in such a way that 
10 the inert gas will flow homogeneously through the polyester prspolymer in it. It should be noted that the Inert gas 
actually flows around the pellets or chips of polyester prepolymer as it streams through the solid state polymerization 
zone. 

[0033] Some suitable inert gases for use In the solid state polymerizatbn process of this Invention include nitrogen, 
cart>on dioxide, helium, argon, neon, krypton, xeon, and certain industrial waste gases. Various combinatior^ or mlx- 

15 turss of different inert gases can also be used. In meet cases nitrogen will be used as the inert gas. In a continuous 
process, the mass flow ratio of PEN prepolymer to nitrogen gas will be within the range of 1 :0.25 to 1 :1 . 
[0034] The continuous solid state polymerization reactor employed can comprise a fluldlzed bed or a moving bed. 
in most cases, it is prefen-ed to utilize a cylindrical polymerization reactor wherein the PEN prepolymer flows through 
the reactor for the desired residence time. Such cylindrical reactors have a substantiaiiy uniform cross^section and a 

20 sufficient height to allow the PEN prepolymer to flow by reason of the force of gravity from the top to the bottom of the 
reactor in the dedred residence time. In other words, the PEN prepolymer moves ^m the top to the bottom of such 
a cylindrical polymerization reactor in a parb'aity dammed stated. The rate of flow through such a reactor can be con- 
trolled by regulating discharge at the bottom of the reactor, it is generally preferred to allow an inert gas to flow coun- 
tercurrently (upwardly) through the reactor at a gas velocity well below the turt>ulenoe point so that the pellets or chips 

26 of PEN prepolymer are not fluidized (always remain in contact with each other). The pellets or chips of PEN prspolymer 
remain In substantially the same physical Ibim throughout the solid state polymerization process. 
[0035] The PEN prepolymer will be solid state polymerized for a time sufficient to increase Its molecular weight or 
iV to that of the high molecular weight PEN resin desired, it wfll be desirable for the high molecular weight PEN resin 
being prepared to have an IV of at least 0.5 dl/g. in most cases the high mdecuiar weight resin will have an IV of at 

30 least 0.05 dl/g and for some applications will preferably have an IV of at least about 0.8 dl/^. TTie polymerization time 
needed will nomnaily range fhm 1 to 36 hours and in most cases wID range from 6 to 24 hours. 

EXPERIMENTS 

^ [0030] This invention Is Illustrated by the following experiments which are given merely for the purpose of niustration 
and are not to be regarded as limiting the scope of tiie invention or the manner in which It can be practiced. Unless 
spedficfliiy indicated othenmse all parts and percentages are given by weight. 

EXPERIMENT 1 

40 

[0037] A crystallization vessel was used in the following experin)ent It was fabricated with a 250 mm long 12 mm 
schedule 40 stainless steel pipe having an OD of 21mm and an ID of 15.8 mm. The crystaliizer was fitted with a 
thermocouple, a pressure gauge and a needle valve. The tip of the thermocouple extended to about 25 mm above the 
bottom of the vessel so that it contacted the polymer sample during the experimental nine. The valve was used to 

45 pressurize and vent the vessel and provide control of the pressure in the vessel. All experimental pressures were 
recorded in IcPa gauge such that 0 IcPa gauge (g) was equal to 1 atmosphere. Whenever atmospheric crystallization 
was attempted the valve was left open during crystallteatlon. When above 0 kPa g was desired the crystaliizer was 
pressurized with compressed air before the crystallization was started. As the pressure inside the crystollizer Increased 
due to an increase In the temperature, tiie gas or vapor was released fhom the vessel by adjusting the valve to obtained 

so the desired and reported pressure. 

[0038] Two poiyetiiylene naphtiiaiate prepotymers were used in the experiments summarized in Table 1 . Polymer A 
was a PEN homopolymer having an IV of .475 dl/g. a DSC melting point Tm of 270^0, a glass transition tempereture 
Tg of 12^0, e pellet size of 2.00g/1 00, a moisture content of 0.538% and an ac^ldehyde content of 83 ppm. Polymer 
B was a 95% PEN/ 6% PET copolymer based on mole % of repeat units. It possessed an IV of .453 dl/g, a Tm (rf 

69 262^0, a Tg of 118^0, a pellet size of 2.01g/100, a moisture content f 0.470% and an acetakJehyde content of 75 
ppm. For both tested polymers tiie IV was measured In a 60/40 phend/tetrachloroelhane solvent at 30^C. 
[0039] In runs 1-21 , in Tatile 1 , 1h crystaflization was conducted in the presence of air. Five (5) grams of the respective 
polymer was charged into the crystaliizer and pressurized where th run called for a pressure greater than 0 IcPag. 



s 



EP 0 937 117 B1 



Tlie crystalDzer was immefsed In a tharmostatad dl thylana glycol (DEG) bath and tha temparatura oonfroll d as da- 
sired end shown In Table 1 . TTie time when the polymer/airtemperatune reached within 1*^0 of the targeted crystaUization 
temperature was oonddered to be time zero. The cfystalGzation was pemiitted to continue for the desired period of 
crystallization tim . TTie heat up time to arrive at crystallization temperature was about 8 minutes. Th crystallizerwas 
removed from the DEG bath and immediately quenched in cold water to atop crystallization. The vessel was opened 
and the crystailizad pdymarwaa tested for density via a density measurement column and Is reported as sat forth in 
Tbbie 1. Ibble 1 further shows the crystaiilzation conditions and pellet appearances. 
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[P04iq Density can be used to estimate the degree of crystelDnlty of a polyester pruvid d the polyester mass does 
not contain voids. TNjs.th degree of crystaiiinity of PEN can lae related toils density t>yth fbllowfng equation: 

^ Fractional cryslalllnlty = (C}8-Da)/(Do-Da) 

where Ds = density of test sample (g/cc), Da = density erf amorphous PEN sample = 1 328 g/cc, and Dc = density of 
PEN Cfystal = 1.407 g/cc However, If the polymer expands signiticantiy, the relationship of Equation (1) no longer 
holds. Therefore, the colors of the crystallization products (I.e., clear, hazy, translucent, opaque, or white), were included 
10 in Table 1 to serve as an alternate indicator for crystaiiinity. As an amorphous polyester cfystaiiizes. ft changes firom 
clear to hazy, transluoent, opaque, and white. In general, an opaque PEN or copolymer should heve a sufficient crys- 
taiiinity to prevent stidclng in a hopper dryer. 

[0041] In Run 1, cfy8laliizatk)n was conducted at IZO'^C under atmospheric pressure (0 kPa g). As expected, the 
polymer greatly expanded to form a porous mass. As the crystallization pressure was increased (Runs 2, 3, and 4), 

15 the extent of expansion and lumping or sintering of the pellets decreased. When the crystaliizBtion pressurs was In- 
crened to about 170 kPa g or higher (compare Runs 6 through 6), no significant polymer expansion was observed 
and crystallized pellets with normal ^ape were obtained. Although there was still some degree of clumping or agglom- 
eration of pellets in those mns with crystaUizatlon pressure of 170 kPa g or higher, this was expected because there 
was no agltetlon during the crystalDzation oin. In the commercial operation, the crystallizer used always provides ad- 

20 equate agitation or forced motion that wfll prevent pellet lumping as long as the peitete do not expand significantly 
during crystalllzatf on. This demonstrates that, according to the process of this Invention, with a sufficiently high pressure 
in the crystallizer, untreated PEN pellets can be crystallized without pellet expansion or puffing. 
[0042] When the crysteDlzetlon temperature was raised to 180°C with crystellization pressure fixed at 200 kPa g 
(Runs 9 and 10), well crystellized pellets with higher density (or crysteilinity} and normal shape were obtained. When 

2S the crysteliization temperature was lowered to 160^0 with crystallization pressure fixed at 200 kPag(f^ns 11 and 12), 
crystallized pellets with kiwer density and nomial shape were obtelned. When the crystanization temperature was 
lowered to 150°C (F^n 13), translucent pellets with normal shape wers obtained after 30 minutes of crystallization. 
When the crysteliization was further bwered to 140°C (Run 14), pellete remained amorphous even after 60 minutes 
of crysteOizetion. TTiese observattens Indicate that the rate of crystallteation and attelnabie degree of crystaiiinity of 

^ PEN increases with increasing temperature. 

[0043] In Runs 16 through 21, Polymer B was crystellized in air under various pressures. It can be seen that this 
naphthalate-oontaining copolyester behaved slmilaily to PEN homopotymer (Polymer A) under similar conditions. At 
a crysteliization temperature of 170°C end a crystallization pressure of 140 kPa g (Run 17), well crystallized peOete 
with nomnal shape were obtelned. Although no visibte expansion of penete was obsenred, the density of the crystallized 

3S pellete ( 1 ^1 5 g/cc) was tower than that of the amorphous polymer (1 .328 g/cc) . ThI s Indicates that under a crystallization 
pressure of 140 kPa g, there was stDl some small degree of expansion although the crystefllzed pellet shape appeared 
to be normal. Since the crystefllzed pellet shape appeared normal and there was no excessive pellet lumping during 
crystallization, these crysteDization pressures are considered accepteble. Clearly, when the crystellization pressure 
was raised to 170 KPa g and above, well crystallized pellete with no expansion were otatained. 

40 

EXPERIMENT 2 

[0044] Each of the prepoiymere crystellized In njns 5-12 was dried to a moisture content of 0.005% without any 
obsenratlon of peltet ^cpansion. TTie crystallized prepolymer of mn 13 resulted in slight lumping because of IMe Insuf- 
45 fident degree of crystallir^. This was predicted from the translucent color obsenred with the crystallization product. 
TTie copolymer crystallized in runs 15-21 can also be solid stated in the same manner as the homopolymer, but of 
course, the resultant resin product comprises a copolymer of PEN/PET in the ratios used In the fbmiatlon of the melt 
phase prepolymer. 

EXPERIMENTS 

[0045] The crystellized and dried products obtained from mns 5-12 are subjected to soOd state precessing at a 
temperature of 240''C to 260''C under a blanket of oountercurrent nitrogen gas for a period of time of up to 20 hours. 
Reaction by-pnoducte generated In the solid stete reactor are swept away by countercunent hot nitrogen gas. After 
55 this solid stating is performed the PEN homopolymer is sutteble for use as a film, tire cord or padcaglng material. 
[0045] EXPERIMENTS 1 , 2 and 3 demonstrate that amorphous PEN homopolymer and copolymers can be crystal- 
lized under a positive pressure without expansion or defbmiation of the pellet during crystalOzation. Also, once th 
pellete are sufficientfy cryatellized, they will not expand or defomn during a subsequent diying (EXPERIMENT 2) and 
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SSP (EXPERIMENT 3). The minimum podfive pressure required to prevent pellet expanston during crystallization Is 
a direct function of the quantity of the volatile contents In the prepolymer (moisture cent nt in particular) and th sof- 
tening temperature (between 140^0 and 150*^0 for PEN homopolymer and lower for a PEN copolymer). The minimum 
pressure required wID increase with increasing volatile contents and polymer softening temperature. 

EXPERIMENT 4 

[0047] In runs 22-26 In Table 2, the cryst&ilizalion was conducted In the presence of EG. Five (5) grams of the 
respective polymer and 1 5 ml of EG were charged Into the crystalllzer. in Runs 26 and 26, In Table 2, the cfystallization 
was conducted in the presence of water. Five grams of the respective polymer and 15 ml of water were charged 
Into the crystaDizer. The crystalDzer was Immersed In a thermostated diethylene glycol (DEG) bath and the temperature 
controlled as desired and shown In Table 2. The time wtien the polymer/air temperaturs reached within 1°C of the 
targeted crystaliizatlon temperature was considered to be time zero. TTie crystallization was permitted to corrtinue for 
the desired period of crystallization time. The heat up time to arrive at crystallization temperature was about 8 minutes. 
The crystalDzer was removed from the DEG bath and Immediately quenched in cold water to stop crystallization. The 
vessel was opened and the ciystallzed polymer was tested for densi^ via density measurement column and is reported 
as set forth in Table 2. Table 2 further shows the crystaliizatlon conditions and pellet appearances. 
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Clalim 

1. A process for ths crystallization of an amorphous polyethylene rmphthalate prepolym r containing voiattle com- 
ponents wtiich comprises heating peliets or chips of said prepolymer at a temperature within th range of 2(rC 
aboveth Tg and lO^Cbelowthe Tmof theprepolynwrunderagitation.andatahlgherthanatmosphericpressure 
at least as high as the vapour pressure of said vdatlle componmts within saUJ prepolymer, to produce a crystallized 
polyethylene naphthalate polymer. 

2. Proc^ as claimed In 1 wherein the pressure Is provided by a gas comprising air, nitrogen or a comt>lnatlon 
thereof. 

3. Process as claimed in claim 1 wherein the pressure Is provided by a liquid or mixture of liquids. 

4. Process as claimed in daim 3 wtierein the liquid or mixture of liquids is water, ethylene glycolp or a mixture thereof. 

5. Process as daimed In daim 1 wherein the pressure Is provided by a gas and a liquid or a gas and a mbcture of liquids. 

6. Process as daimed in any one of the preceding claims wherein the prepolymer comprises a homopolymer or a 
copolymer of polyethylene naphthalate (PEN) and polyethylene terephfhalate (PET) containing grater than 80%, 
preferebly at least 90%, PEN, based on mole % of the repeat units. 

7. Process as daimed in daim 6 wtierein the prepolymer Is prspared tiy the melt phase polymerisation of ethylene 
glycd and 2,6-naphthalene dicarttoxylic add or an ester thereof. 

8. Process as daimed In any one of the preceding dalms wherein prior to crystalilsafion the prepolymer is heated at 
a temperature of 80^C to 140*'C to partially devDiatillse said volatile components in the prepolymer. 

9. Process as daimed in any one of Ihe preceding dalms wherein the pressure during crystailisation Is at least 100, 
preferably above 140, IcPa gauge, said pressure being measured at a temperature from 20^C above the Tg to 
10"C below the Tm of the prepolymer. 

10. Process for preparing a high molecular weight pdyester having an iV of at least 0.5 dl/g which comprises crystal- 
lising an amorphous polyethylene naphthalate prepolymer according to a process as daimed in any one of the 
preceding ddms, and then pdymerislr^ said crystalline prepolymer under solid stating conditions at a tempereture 
from SO^'C to 1 ''C below the sticking temperature of the prepolymer for a period of time suflRdent to produce a high 
molecular weight polyester resin. 



PatentansprilGiie 

1. Verfahren zum lOlstalllsieren eines amorphen Pdyethyienrmphttialatprapolymere, das fluchtlge Komponenten ent- 
hSIt, wobel das Verfshren das Ertiltzen von Pellets Oder StOckchen des Pripotymers bel elner Temperetur Im 
Berelch von 20°C oberhaib von Tg und 10^0 untertiaib von Tm des Pripolymere unter Ruhren und bei einem 
hdheren als atmospdrischem Druck, der mindestens so hodi wie der Dampfdmck der besagten flQchtigen Kom- 
ponenten in dem Prftpolymer ist, zur Herstellung efries kristalllslerten PolyethylennaphthaiatpolymeiB umfosst 

2. Veriahren gemfilS Anspnich 1 , worin der Drvdc durch ein Gas bereitgestellt wird, das LuR, Stickstoff Oder eine 
ICombinatlon davon umfasst. 

3. Verfehren gemSfi Anspruch 1 , worin der Dmck durch eIne ROssIgkeit Oder eine IMischung von RQssigkelten be- 
reitgestellt wird. 

4. Verfafiren gemSfi Anspmch 3, worin die Flusslgicelt Oder Mischung von Fiusslgkeiten Wasser, Ethylenglykol Oder 
eine IMIschung davon ist 

5. Verfiahren gemiS Anspruch 1 . worin der Dmck durch ein Gas und ine Russigkeit Oder ein Gas und eine Mischung 
von FlOssigkelten tiereltgestellt wird. 
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6. Verfahren gem§a einem der vorang henden AnsprOche, worin das Prfipdymer ein Homopolymer oder ein Cop- 
oiym r des Polyethylannaphthalats (PEN) und Poly thytenterephthalats (PET) umfasst, das m hr als 80 %, vor- 
zugsweisa mindestens 90 % PEN, bazogen auf die Mol% d r sich wiedsrtiolendan Einheiten, enthatt 

7. Verfahreng rnd&Arispmche.wcHindasPrapolyrnerdunchdi Schmelzphasenpolymerisation von Ethylenglykol 
und 2,6-Naphthalindicart3on8dure oder elnes Esters davon hergestellt wfrd. 

8. Verfahren gemdfi eInem der vorangehenden Ansprtiche, worin das Prapolymer vor dem Kristalllsieren auf eine 
Temperatur von 80^0 Us 140^0 erhltzt wind, urn die fiOcTiligen KcHnponenten in dem Pripolymer teilwelse zu 

10 veifluchtigen. 

9. Verfahren gem&Q eInem der vorangehenden Ansprt^che, worin der Daick beim Krlstallisieren mindestens 100, 
vorzugsweise mehr als 140 kPa betragt, wobel der besagte Dmclc bei einer Ten^eratur von 20'>C obertialb von 
Tg bis lO^C untertialb von Tm des Prdpolymers gemessen wird. 

18 

10. Verfiahnen zur Hersteilung eines hoch-molekuiargewichtigen Polyesters mit einem IV-Weri von mindestens 0,5 di/ 
g, welches das Kristalllsieren elnes amorphen Polyethyiennaphthalatprapolymers gerndft eInem Verfahren, wie 
es In einem der vorangehenden AnsprOche definlert ist, und dann das Polymerisleren des besagten kristalOnen 
Prapolymers unter Fest-Zustand-BecBngungen bei elner l^mperatur von QOPC bla rc unterhalb der Hafttempe- 

20 ratur des Prapolymers uber einen ausreichenden Zeitraum zur i^erstellung eines hoch-molelculargewichtigen Po- 
lyesterhams umfasst. 



RevendicaOons 

as 

1. Proofs de cristailisatlon d'un pr^poiymdre de poly(naphtaIate d*6thyi&ne) amorphe contenant des constituants 
volatlls, dans lequel on chauffe en agitant des granules ou des pastilles dudit pr6polymdre k une temperature 
comprise entre 20°C au-dessus de la temp^ature de transition vltreuse (Tg) et 10°C au-dessous du point de 
fusion (Tm) du pr6polym6re et sous une presslon supdrieure 6 ia pression atmosphdrlque et au molns dgale d ia 
90 pres^'on de vapeur desdits constituents volatlls oontenus dans ledft prdpolymdre, pour pioduire un pdymdre poly 
(naphtalate d'^thyl&ne) crlstaiUsS. 

Z Precede selon la revendication 1 , dans iequei ia pression est fbumie par un gaz comprenant de I'air, de I'azote ou 
une de leurs oombinaisons. 

3S 

3. Proo6d6 seton la revendication 1 , dans iequei la pression est Ibumie par un liqulde ou un m6lange de iiquides. 

4. Prooedd seion la revendication 3, dans lequel le liqulde ou le melange de iiquides est de i*eau, de rethyleneglycd 
ou un de leurs mdtanges. 

40 

5. Proc6d6 seion ia revendication 1 , dans Iequei la pression est foumie par un gaz et un liqulde ou par un gaz et un 
melange de iiquides. 

0. i=*roo6d6 selon i\ine quelconque des revendlcations pr6o6denites, dans iequei le prfipolymdre comprend un ho- 
45 mopolymdre ou un copoiym6ra de poiy(naphtaiate d*6thyl&ne} (PEN) et de poly(t6r6phtalate d*6thyldne) (PET) 
contenant plus de 60 %, de pr^i^ence plus de 90 % de PEN, en % en mol des motifs de r6p^on. 

7. Prooedd selon ia revendication 6, dans iequei le prdpolymere est prepare per polymerisation a Petat fondu d'ethy- 
l^neglycol et d*aclde 2,6-naphtaI6nedicarboxyllque ou d'un de ses esters. 

60 

8. Proo^d selon Tune quelconque des revendlcations precddentes dans lequel, avant ia cristailisation, on chaufle 
le prapolymers d une temperature de SO^C d 140°C pour dllmlner une partle desdits oonsUtuants volatiis contenus 
dans le pr6polymerB. 

OS 9. Proc^dds ion t'une quelconque des rev ndications prdcddentes, dans iequei la pression au coufb d 1a cristai- 
lisation est d'au moins 100, de preference sup6rieure 6 140 IcPa au manometre, ladite pression etant mesurde d 
une temperature oomprls ntre 20^*0 au-dessus de la temperaturs de transition vHreuse (Tg) et iO^C au-dessous 
du point de fusion (Tm) du pr§polymere. 
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10. Pioo^d de prdparation d'un polyestsr de wasse molaire 6lev6e eyant une viscositd intrins^que CVI) d*au molns 
0,5 dl/g, dans lequel on cristallise un prepolymdra de poly(naphtalaf d'ethylene) amorph par un piooddd sa\m 
Funaqu loonqua das lavendicationa prdcMentes, puis on polymdris I dit pr^lym§rB cristallin dans das con- 
ditions d'dtat solide d une temperature de 6(rC d au d ssous de la temperature de collage du prepolym^re 
pendant un laps d temps sutfisanl pour produire une r6sine polyester de masse moitojtaire 6l8v6 . 
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